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Abstract 

The NC and CC scattering of neutrino (antineutrino) on protons and 
nuclei with isotopic spin equal to zero is considered. It is shown that 
the measurement of the neutrino-antineutrino asymmetry in these pro- 
cesses could allow to obtain model-independent information about the 
contribution of the axial strange current to the cross sections of the 
NC processes. 
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The problem of the "strangeness" of nucleon is a very important theoretical and 
experimental issue (see, for example, Ref.0). The data obtained in the recent CERN || 
and SLAC || experiments on deep inelastic scattering of polarized leptons on polarized 
nucleons are in agreement with the data of EMC collaboration . From the analysis of 
these data it follows that the one-nucleon matrix elements of the axial strange current 
is relatively large and comparable with the matrix elements of axial u and d currents. 
In a recent analysis of the data || it was found that 

Au = 0.82 ±0.03 , 

Ad = -0.44 ± 0.03 , (1) 
As = -0.11 ±0.03 , 

where the constants Aq (with q = u,d, s) are determined by 

(p , r | q 7° 75 q \ p , r) = 2M r s a Aq . (2) 

Here M is the nucleon mass and \p , r) is the state vector of a nucleon with momentum 
p and projection of the spin on the direction s a equal to r. 

As it is well known, in order to determine the constants Aq from the data on po- 
larized deep inelastic lepton-nucleon scattering it is necessary extrapolate the polarized 
structure function gi to the point x = 0. Usually, a Regge behaviour of the function g 1 
is assumed. The value of the constant F/D that is also used in order to determine the 
constants Aq is obtained from the data on the leptonic decays of hyperons under the as- 
sumption that the effects of violation of SU(3) can be neglected. Both these assumption 
require further investigation (see, for example, Ref.|J). 

Alternative methods that could allow to determine the matrix elements of the strange 
currents are obviously necessary. It is well known (see Ref.jjTj) that NC- induced processes 
could be important sources of information on the matrix elements of the axial and vector 
strange currents. 

The neutral current of the Standard Model in the u, d and s approximation has the 
form 

jf = vl - 2 sin 2 6 W jT + al-\v s a - l -a s a} (3) 

where and a? a are the third components of the isovector vector and axial currents, 
j^ 11 is the electromagnetic current and 

Va = s>y a s , af = s7 Q 7 5 s (4) 

are the vector and axial strange currents. 

Using Eq.(|3|) we can connect the matrix elements of the strange currents with the 
quantities that can be measured with the investigation of NC, CC and electromagnetic 
processes. This will be our main strategy. 

There are two types of NC-induced effects: 
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1. P-odd effects in lepton-nucleon scattering; 



2. NC neutrino- nucleon (nucleus) scattering. 

P-odd effects in lepton-nucleon scattering are due to the interference of diagrams with 7 
and Z exchange. It is easy to see from general symmetry arguments that the contribution 
of the vector (axial) strange currents to the P-odd asymmetry is proportional to gy = 
— 1/2+2 sin 2 9w {.9a = — 1/2). Using the latest value of the parameter sin 2 9w (sin 2 6w = 
0.226 ± 0.004 @) we obtain g v ~ -0.05. Thus, the investigation of P-odd effects 
in lepton-nucleon scattering could allow to obtain information only about the matrix 
elements of the strange vector current. On the other hand, in the cross sections of 
neutrino processes there is no any apriori suppression of the contributions of both axial 
and vector strange currents. 

In Ref . || we have considered in detail the possibilities to extract information about 
the strange vector and axial nucleon form factors from the investigation of the elastic 
neutrino(antineutrino)-nucleon scattering processes 

v„ fa) +p^Vn (i^u) +p. (5) 

We have shown that the strange magnetic G S M (Q 2 ) and strange axial F^(Q 2 ) form 
factors are connected with asymmetry 

2 = (Wg - (Wg 

(da/dQC - (d«7/dQ*)° c 

by the relation 



A\V ud \ 2 A(Q 2 ) = 1 - 2 sin 2 6 W -f ^ 9 -1-2 sin 2 9 



G m(Q 2 ) (, n^2 Q G p M (Q 2 )\ FX(Q 2 ) 1GUQ 



2\ 



GIAQ 2 ) V " W G Z M (Q 2 ) ) F A (Q 2 ) 2GUQ 2 )' 

(7) 

Here V ud is the ud element of the CKM matrix, G 3 M (Q 2 ) = (G P M (Q 2 ) - G^(Q 2 ))/2 is 
the isovector magnetic form factor of the nucleon, G P ^ L \Q 2 ) is the magnetic form factor 
of the proton (neutron), Fa(Q 2 ) is the CC axial form factor, F|(Q 2 ) and G S M {Q 2 ) 
are axial and magnetic strange form factors. In Eq.@ the quantities (da/dQ 2 )^ 
and (da/dQ 2 )^ are the differential cross sections of the NC elastic processes (H), and 

(da/dQ 2 )^ and (da/dQ 2 )^ are the differential cross sections of the CC quasi-elastic 
processes 

V/i + n ->• fT + p , (8) 
^ + P -> V + + n . (9) 

The relation (|^) depends only on the magnetic form factors of the nucleon, which are 
known from the experimental data with better accuracy than the electric form factors. 
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Moreover, in this relation enters the ratio of the magnetic form factors of the neutron 
and proton, that is approximately equal to the ratio of the corresponding magnetic 
moments (scaling law). A measurement of the asymmetry A(Q 2 ) could allow to obtain 
information about the strange axial and vector form factors of the nucleon. 
We will consider now the inclusive neutrino processes 

u„ + A -> u„ + X , (10) 

where A is a nucleus with isotopic spin T equal to zero (as d, 4 He, 12 C, etc.). 
The cross sections of the processes ( 110) have the following general form 

= S g) Vft*^*,*)) "SFM ■ (") 

where M is the mass of the nucleus, p is the nucleus momentum, k and k! are the 
momenta of the initial and final neutrinos (antineutrinos), q = k — k', Q 2 = —q 2 , 

L al3 (k,k') = k a k' p - g°P k ■ k' + k' a k 13 , (12) 
Lf(k,k') = ie a ^k p k' a , (13) 

and the hadronic tensor W^(p, q) is given by 

W^ c (p,q) = (2nf^J(p\jZ(x)j!(0)\p)e-^d*x. (14) 

In order to separate the contribution of strange axial current, let us consider the 
difference of the cross sections of the processes ( JlQ| ) From Eq.flTTD we have 



i \ NC / , \ NC 
da \ da \ 



dQ 2 dv \dQ 2 dv 



(15) 



where W^' 1 \p, q) is the contribution of the interference of the vector and axial currents 
to W^(p,q). In the case of a target with isospin T = 0, the interference of the isovector 
and isoscalar currents do not contribute to W^P(p, q) and we have 

W^ip, q) = (l - 2 sin 2 6 W ) W^ A \p, q) + sin 2 9 W (p, q) , (16) 

where 

W:; A \p,q) = (2n) 2 ^J(p\V*(x)Al(0) + Al(x)VM\p)e- iqx d 4 x } (17) 



wS' A \p,q) = (27r) 2 |-/(p|^(^Af(0)+4(^F a (0)|p)e-^d^. (U 



M 

Let us notice that in Eq.fllEp we neglected the term quadratic in the strange currents. 
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The first term in the Eq. ([TBI) is connected with the corresponding pseudotensor that 
determines the difference of the cross sections of inclusive CC processes 



^ + A -> ix- + X . (19) 

In fact, in the region of relatively small energies (up to the threshold of charm produc- 
tion) the main contribution to the cross sections of the processes ( |T9"1) comes from the 
ud part of the charged hadronic current: 

3t = V ud (v^ 2 + a^ 2 ) , (20) 

where v]^ 12 — v\ + i v 2 and a„ +l2 = a\ + i a 2 . For the difference of the cross sections of 
the processes ([L9D we have 



dQ 2 du \dQ 2 dv . 2tt U • Jfe 



Lf(k,k')W^(p,q)\V ud \ 2 , (21) 



where W a g ' (p, q) is the contribution of the interference of the hadronic vector and axial 
currents to W^p(p, q). 

From the isotopic SU(2) invariance of the strong interactions it follows that 

W™> I ( Pj q) = 2W:;> A \p,q). (22) 
For the neutrino-antineutrino asymmetry 

(da/dQhli,ff - (d<7/dQ 2 <M°° 
from Eqs.(^), (0), (21) and (p2|), we obtain the following relation 

1 1 L a(3 W v0 ' A$ 

A(Q\ v) |K.| 2 = ■= (l - 2 sin 2 9 W ) + - sin 2 6 W 5 * . (24) 

Thus, a measurement of the asymmetry A(Q 2 ,i>) could allow to determine the rela- 
tive contribution of the axial strange current to the cross sections of the NC inclusive 
processes (TO) in a direct model independent way. 

It was shown in Ref.[|10[ that in the deep inelastic region the last term of the rela- 
tion (p4 ) is small. The corresponding relation for the total cross sections (the so-called 
Paschos-Wolfenstein relation [|TT|) has been used in the deep inelastic region for the 
determination of the value of the parameter sin 2 9w from CC and NC neutrino and an- 
tineutrino data. We are proposing to use relation (E3) at intermediate neutrino energies, 
in which the parton approximation is not applicable and nuclei behave as bound states 
of nucleons. It was shown in Ref.|]T2"] that in this energy region the contribution of the 
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isoscalar part of the electromagnetic current to the longitudinal part of the cross sec- 
tion of electron-carbon inclusive scattering is comparable with the contribution of the 
isovector part of the current. If there is no dynamical suppression of the contribution of 
the axial strange current to the asymmetry A(Q 2 , v) at intermediate neutrino energies, 
then, in accordance with the data from EMC and other experiments, the last term in 
the relation (21) can be significant. A significant deviation of the measured asymmetry 



A(Q 2 , u) from the known quantity (1-2 sin 2 6 w )/2\V ud \ 2 = 0.289 ± 0.004 (derived from 
sin 2 9 W = 0.226 ± 0.004 and \ V ud \ = 0.9736 ± 0.0010 g) would be a clear signal in favor 
of the importance of the contribution of the axial strange current to the hadronic matrix 
elements. 

We would like to express our deep gratitude to A. Molinari for the useful discussions 
on the problem of the isoscalar current. 
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